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(54) Reflective display device using photonic crystals 



(57) A reflective display device using photonic crys- 
tals includes a plurality of reflective color filters, each 
reflective color filter reflects a predetermined wave- 
length range of an incident visible light; and a plurality 
of optical switches disposed adjacent to and facing a 
corresponding one of the plurality of reflective color fil- 



ters, each of the plurality of optical switches extracts a 
predetermined color by adjusting an intensity of on/off- 
frequency of light reflected from the corresponding one 
of the plurality of reflective color filters. Accordingly, a 
reflective display device using photonic crystals may 
have a simplified structure requiring no conventional re- 
flecting mirror. 
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Description 

[0001] The present invention relates to a reflective 
display device. More particularly, the present invention 
relates to a reflective display device using photonic crys- 5 
tals that improves the optical efficiency due to the se- 
lective reflection and high reflectivity of photonic crystal 
structures. 

[0002] A display device of a portable device, such as 
a mobile phone or a personal digital assistant (PDA), 
uses a reflective color display to project an image using 
the reflection of the surrounding light. Accordingly, there 
is no need for backlight in such a reflective color display, 
thereby making the portable device lightweight, thin, 
and less power consumptive. 

[0003] In order to make a desired color, such reflective 
display devices use color filters. Therefore, the efficien- 
cy of the color filter is critical to obtaining a vivid display. 
A color filter produces a desired color by passing light 
of a particular wavelength and by absorbing light of other 
wavelengths. The color filter significantly affects the ef- 
ficiency of the reflective display devices, since it passes 
only a portion of the incident white light. 
[0004] FIG. 1 illustrates a sectional view of a conven- 
tional reflective display device. 

[0005] The reflective display device in FIG. 1 includes 
a transmission type color filter 11 , an optical switch 12, 
and a reflecting mirror 13. The optical switch 12 includes 
two polarizers 121, 123 and a liquid crystal layer 122 
disposed between the polarizers 121, 123. 
[0006] In the conventional reflective display device of 
FIG. 1, incident light enters the device by passing 
through the transmission type color filter 11 , is then ad- 
justed by the optical switch 12, is then reflected by the 
reflecting mirror 1 3, and then exits the device by passing 
through the transmission type color filter 11a second 
time. 

[0007] Such a conventional reflective display device 
has a problem in that light efficiency is reduced as the 
light passes through the transmission type color filter 11 
twice, both upon entering and exiting the device. In ad- 
dition, it is also problematic that the luminance and con- 
trast are low, and the hue and brightness are not vivid. 
[0008] According to the invention, there is provided a 
reflective display device using photonic crystals, com- 
prising: 

a plurality of reflective color filters, each reflective 
color filter reflecting a predetermined wavelength 
range of an incident visible light; and 
a plurality of optical switches each disposed adja- 
cent to and facing a corresponding one of the plu- 
rality of reflective color filters, each of the plurality 
of optical switches extracting a predetermined color 
by adjusting an intensity of on/off-frequency of light 
reflected from the corresponding one of the plurality 
of reflective color filters. 
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[0009] The invention thus provides a reflective display 
device using photonic crystals as a reflective color filter 
that has a high reflection efficiency and a simplified 
structure. 

[0010] The plurality of reflective color filters are pref- 
erably three reflective color filters, each one corre- 
sponding to a color, red (R), green (G), or blue (B). The 
plurality of optical switches are preferably three optical 
switches, each one corresponding to a color, red (R), 
green (G), or blue (B). 

[0011] Preferably, each of the plurality of reflective 
color filters include photonic crystals having a periodic 
arrangement of dielectrics. Also preferably, each of the 
plurality of reflective color filters comprise photonic crys- 
tals having a band gap that reflects one range of light 
wavelengths corresponding to a color selected from the 
group consisting of red (R), green (G), and blue (B). The 
photonic crystals of the plurality of reflective color filters 
may be three-dimensional photonic crystals of inverse 
opal structure having colloids of varying sizes. Prefera- 
bly, the colloids are spheres having diameters of several 
hundred of nanometers and repeatedly arranged in at 
least ten (10) layers to form a sufficient band gap. Pref- 
erably, the colloids of the red (R) reflective color filter 
have the largest size to reflect the light of the longest 
wavelength among red (R), green (G), and blue (B). 
[001 2] A liquid crystal (LC) is preferably used as each 
of the plurality of optical switches. 
[001 3] The above and other features and advantages 
of the present invention will become more apparent to 
those of ordinary skill in the art by describing in detail 
preferred embodiments thereof with reference to the at- 
tached drawings in which: 

FIG. 1 illustrates a sectional view of a conventional 
reflective display device; 

FIG. 2 illustrates a sectional view of a reflective dis- 
play device according to an embodiment of the 
present invention; and 

FIG. 3 is a drawing of a reflective color filter accord- 
ing to an embodiment of the present invention real- 
ized using three-dimensional photonic crystals of 
inverse opal structure having colloids of varying siz- 
es. 

[0014] The present invention will now be described 
more fully hereinafter with reference to the accompany- 
ing drawings, in which preferred embodiments of the in- 
vention are shown. The invention may, however, be em- 
bodied in different forms and should not be construed 
as limited to the embodiments set forth herein. Rather, 
these embodiments are provided so that this disclosure 
will be thorough and complete, and will fully convey the 
scope of the invention to those skilled in the art. In the 
drawings, the thickness of layers and regions are exag- 
gerated for clarity. Like numbers refer to like elements 
throughout. 

[0015] FIG. 2 illustrates a sectional view of a reflective 
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display device according to an embodiment of the 
present invention. 

[0016] As shown in FIG. 2, a reflective display device 
includes a reflective color filter 21 and an optical switch 
22 for adjusting the intensity or on/off-frequency of light 5 
reflected from the reflective color filter 21 . The reflective 
color filter 21 preferably includes three (3) reflective 
color filters 21 R, 21 G, and 21 B, for reflecting red, green, 
and blue light, respectively. The optical switch 22 pref- 
erably includes three (3) optical switches 22R, 22G, 22B 
for creating a desired color by adjusting an amount of 
red (R), green (G) and blue (B) light reflected from a cor- 
responding reflective color filter 21 R, 21 G, or 21 B, re- 
spectively. A liquid crystal (LC), for example, may be 
used as each of the optical switches 22R, 22G, 22B. A 
more detailed description of the optical switch 22 will be 
omitted as the structure and operation thereof is rela- 
tively well-known to those of ordinary skill in the art. 
[0017] Each optical switch 22R, 22G, 22B is disposed 
adjacent to and facing the corresponding one of the 
three reflective color filters 21 R, 21 G, 21 B respectively. 
Each of the reflective color filters include photonic crys- 
tals having a periodic arrangement of dielectrics. Phot- 
onic crystals are fabricated by introducing a suitable var- 
iation of refractive index in two or three dimensions. 
Each reflective color filter 21 R, 21 G, or 21 B reflects a 
desired wavelength range of the light and passes the 
rest of the range since it has a different photonic band 
gap (PBG) according to the characteristics of the phot- 
onic crystals. 

[001 8] When the photonic crystals are fabricated, the 
width and location of the photonic band gap varies de- 
pending on the parameters of the photonic crystals, 
such as refractive index used, the geometry of the peri- 
odical structure, the periods of index variation, and the 
like. For example, in a two-dimensional case, photonic 
crystals are fabricated by making periodically arranged 
cylinders in air or holes in a dielectric substrate. Recent- 
ly, photonic crystals have been fabricated by hologram 
lithography or a self-assembly method using colloids of 
several hundred nanometers in diameter. 
[0019] FIG. 3 is a drawing of a reflective color filter 
according to an embodiment of the present invention re- 
alized using three-dimensiona I photonic crystals of in- 
verse opal structure having colloids of varying sizes. 
[0020] Colloids are spheres of several hundred na- 
nometers in diameter and repeatedly arranged in at 
least ten (10) layers to form a sufficient band gap. 
[0021] As shown in FIG. 3, the colloids of the R color 
filter 21 R have the largest size to reflect the light of the 
longest wavelength among R, G and B. Such implemen- 
tation of the color filter using colloids, however, is only 
one possible embodiment of the present invention. If 
photonic crystals are used as the reflective color filters, 
the efficiency and contrast may be improved by over 
90% as compared to a conventional transmission type 
color filter due to the high reflectivity of photonic crystals. 
In addition, the viewing angle may be widened because 



the three-dimensional photonic crystals may have band 
gaps to all incident directions. 

[0022] Hereinafter, a propagation of incident light is 
described with reference to FIG. 2. 
[0023] In FIG. 2, when a white light enters the reflec- 
tive color filter 2 1 after passing through the optical switch 
22, the light in a wavelength range corresponding to 
each R, G or B color filter 21 R, 21 G or 21 B are selec- 
tively reflected, and then the reflected light passes 
through the corresponding optical switch 22R, 22G or 
22B again. The amount of reflected lights may be ad- 
justed by the optical switch 22, and the desired color 
may be realized as a mixture of the RGB light. 
[0024] According to the present invention, efficiency 
can be improved because the incident light is reflected 
only once through the color filter, while the conventional 
art needs to pass through the transmission type color 
filter twice. In addition, a reflective display device using 
photonic crystals according to an embodiment of the 
present invention has a simplified structure that requires 
no reflecting mirror. 

[0025] In the drawings, one group of three color filters 
has been shown. It will be apparent to those skilled in 
the art that such a group of filters may be provided for 
each pixel of a multiple-pixel display. Similarly, there 
may be three optical switches for each pixel. As de- 
scribed above, the optical switches may each be a liquid 
crystal. Each optical switch may in fact form part of a 
single continuous liquid crystal layer, and the separate 
optical switch functions are then defined by control cir- 
cuitry, for example pixel electrodes each associated with 
a region of the liquid crystal layer. These details will all 
be apparent to those skilled in the art. 
[0026] Preferred embodiments of the present inven- 
tion have been disclosed herein and, although specific 
terms are employed, they are used and are to be inter- 
preted in a generic and descriptive sense only and not 
for purpose of limitation. Accordingly, it will be under- 
stood by those of ordinary skill in the art that various 
changes in form and details may be made without de- 
parting from the spirit and scope of the present invention 
as set forth in the following claims. 



1 . A reflective display device using photonic crystals, 
comprising: 

a plurality of reflective color filters, each reflec- 
tive color filter reflecting a predetermined wave- 
length range of an incident visible light; and 
a plurality of optical switches each disposed ad- 
jacent to and facing a corresponding one of the 
plurality of reflective color filters, each of the 
plurality of optical switches extracting a prede- 
termined color by adjusting an intensity of on/ 
off-frequency of light reflected from the corre- 
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sponding one of the plurality of reflective color 
filters. 

2. The reflective display device using photonic crys- 
tals as claimed in claim 1 , wherein the plurality of 5 
reflective color filters comprises three reflective 
color filters, each one corresponding to a color, red 
(R), green (G), or blue (B). 

3. The reflective display device using photonic crys- 10 
tals as claimed in claim 1 or 2, wherein the plurality 

of optical switches comprises three optical switch- 
es, each one corresponding to a color, red (R), 
green (G), or blue (B). 

75 

4. The reflective display device using photonic crys- 
tals as claimed in any preceding claim, wherein 
each of the plurality of reflective color filters com- 
prise photonic crystals having a periodic arrange- 
ment of dielectrics. 20 

5. The reflective display device using photonic crys- 
tals as claimed in any preceding claim, wherein 
each of the plurality of reflective color filters com- 
prise photonic crystals having a band gap that re- 25 
fleets one range of light wavelengths corresponding 
to a color selected from the group consisting of red 
(R), green (G), and blue (B). 

6. The reflective display device using photonic crys- 
tals as claimed in claim 4 or 5, wherein the photonic 
crystals of the plurality of reflective color filters are 
three-dimensional photonic crystals of inverse opal 
structure having colloids of varying sizes. 

7. The reflective display device using photonic crys- 
tals as claimed in claim 6, wherein the colloids are 
spheres having diameters of several hundred of na- 
nometers and repeatedly arranged in at least ten 
(10) layers to form a sufficient band gap. 

8. The reflective display device using photonic crys- 
tals as claimed in claim 6 or 7, wherein the colloids 
of the red (R) reflective color filter have the largest 
size to reflect the light of the longest wavelength 45 
among red (R), green (G), and blue (B). 

9. The reflective display device using photonic crys- 
tals as claimed in any preceding claim, wherein a 
liquid crystal (LC) is used as each of the plurality of so 
optical switches. 
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(54) Reflective display device using photonic crystals 



(57) A reflective display device using photonic crys- 
tals includes a plurality of reflective color filters, each 
reflective color filter reflects a predetermined wave- 
length range of an incident visible light; and a plurality 
of optical switches disposed adjacent to and facing a 
corresponding one of the plurality of reflective color fil- 



ters, each of the plurality of optical switches extracts a 
predetermined color by adjusting an intensity of on/off- 
frequency of light reflected from the corresponding one 
of the plurality of reflective color filters. Accordingly, a 
reflective display device using photonic crystals may 
have a simplified structure requiring no conventional re- 
flecting mirror. 
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